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Abstract 
Two studies were conducted to evaluate if laying hens can be successfully molted by ad 
libitum feeding various levels and sources of DDGS.  In the first study, three sources of DDGS 
varied greatly in color.  Treatment 1 consisted of a 47% corn (C):47% soy hulls (SH) molt diet 
(C:SH) fed for 28 d (positive control).  Treatments 2, 3 and 4 were molt diets containing 94% 
DDGS from the three sources fed for 28 d.  Treatments 5, 6 and 7 were 32% C: 42% SH: 20% 
DDGS, also fed for 28 d.  At the end of the 28 d molt period, all hens were fed a 16% CP corn- 
soybean meal layer diet.  Body weight (BW) loss during the molt period was significantly greater 
(P<0.05) for hens fed the C:SH diet (26%) than hens fed the diets containing DDGS.  The BW 
loss was also greater for hens fed the C:SH:DDGS diets (12%) than for the hens fed the 94% 
DDGS diets (2%) and the reduction in BW loss varied among DDGS sources.  Feed 
consumption was lower for hens fed the C:SH control diet compared to hens fed the DDGS diets.  
Hens fed the C:SH diet had egg production near 0% during the last three weeks of the molt 
period.  Hens on the other treatments did not have egg production below 8-10% during the molt 
period, and the reduction in egg production varied among DDGS sources.  The darkest brown 
DDGS resulted in the greatest reduction in egg production.  Post-molt hen-day egg production 
(5-40 wks) did not significantly differ among treatments; however, egg mass and egg specific 
gravity were generally reduced for hens fed the 94% DDGS molt diets compared to hens fed the 
CSH diet.  This study showed that molt and post-molt performance responses varied among 
DDGS sources; however, none of the molt diets containing 20-94% DDGS yielded satisfactory 
reductions in BW or egg production when compared to a 47% corn: 47% soy hulls diet.  
In the second study, 504 Hy-Line W-36 hens (68 wk of age) were randomly assigned to 
one of six treatments.  The molt diet treatments consisted of a 47% corn (C):47% soy hulls (SH) 
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diet, a 30% C: 44% SH: 20% DDGS diet, a 25% C: 49% SH: 20% DDGS diet, a 20% C: 54% 
SH: 20% DDGS diet, a 10% C: 37% SH: 47% DDGS diet, and a 47% SH: 47% DDGS diet.  All 
molt diets were fed for 28d.  At the end of this molt period, all hens were fed a 16% CP corn- 
soybean meal layer diet.  
Body weight (BW) loss (17%) during the molt period was greatest (P<0.05) for hens fed 
the 47% C: 47% SH diet.  Feed consumption during the molt period was lower (P<0.05) for hens 
fed the 47% C: 47% SH control diet than for hens fed the diets containing DDGS.  Hens fed the 
47% C: 47% SH diet had the lowest (P<0.05) egg production (below 5%) during the last three 
weeks of the molt period.  Hens on the other treatments did not have mean egg production below 
23% for the molt period.  During the first 8 wk of the post-molt period, egg production of hens 
that were fed the 47% C: 47% SH diet during the molt period was generally lower than that of 
hens fed the other molt diets.  Egg specific gravity, egg mass, and egg weight measured for 
Weeks 4 to 8 of the post-molt period did not differ significantly (P>0.05) among treatments.  
This study showed that the molt diets containing 20 to 47% DDGS yielded inferior body weight, 
egg production, and feed consumption molt responses when compared to a 47% C: 47% SH diet 
even though most of the diets containing DDGS were calculated to contain MEn levels that were 
lower than the 47% C: 47% SH diet. 
Overall, none of the molt diets containing 20- 94% DDGS resulted in satisfactory reductions 
in body weight or egg production when compared to a 47% C: 47% SH diet even though most of 
the diets containing DDGS were formulated to contain less MEn than the 47% C: 47% SH diet.  
These results suggest that dietary components other than energy, such as protein and digestible 
amino acid levels, are important when feeding molt diets containing DDGS.   
 
iv 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedication 
This thesis was made possible with the tremendous support from my loving family, 
unwavering friends, and significant other, Aaron.  Thank you for giving me the confidence to 
accomplish my goals and reminding me of the light at the end of the tunnel, even when that light 
was covered with chicken poop and dust. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
Acknowledgments 
 Thank you, Dr. Parsons, for giving me this amazing opportunity and guiding me along 
the bumpy road that is Graduate School.  You have given me the knowledge and tools necessary 
for success.  I have learned everything I know about poultry nutrition from you.  I would also 
like to thank Dr. Koelkebeck for his wisdom on molting and collaboration on this trial.  Nancy 
David, thank you for your patience and hours of time spent with me during this process.    
 This thesis could not have been possible without the hard work of many people.  Pam and 
Chet Utterback, Doug Hilgendorf, Seth Gallivan, Lauren Kane and the poultry farm staff, were 
essential to the set-up, labor, and hard work involved in the maintenance and data collection of 
this trial. The results of their efforts are presented in this document.  Thank you to my fellow 
graduate students: China Jacobs, Suzette dePersio, Tara Davis, Wes Walbaum, Xi Chen and 
Chelsie Parr.  I owe you all so much for all of your time spent on feeding, weighing and specific 
gravity.  China and Suzette, thank you for passing down your invaluable experience and 
knowledge.  Thank you all for your support and friendship.         
 Thank you to my family: Tom and Jeannette, John and Bill.  Your love and 
encouragement have paved my way to success.  Aaron Elzy, thank you for your patience, love 
and support (emotional and financial).  I could not have completed this M.S. without you.  
George and Cheryl, thank you for believing in me and loving me like a daughter.  Lastly, thank 
you to my wonderful friends.  Your comedic relief, mid-afternoon lunch breaks and thoughtful 
advice preserved my sanity.    
  
 
 
vi 
 
 
 
TABLE OF CONTENTS 
 
Chapter                                                                                                                      Page 
1 Introduction and Literature Review ............................................................................ 1 
Molting ............................................................................................................................. 1 
The Use of DDGS in Poultry Nutrition ............................................................................ 9 
Literature Cited…………………………………………………………...……………15 
2 Evaluation of feeding various sources of distillers dried grains with solubles 
(DDGS) in non-feed-withdrawal molt programs for laying hens ............................ 23 
Abstract ........................................................................................................................... 23 
Introduction ..................................................................................................................... 24 
Materials and Methods ................................................................................................... 25 
Results............................................................................................................................. 27 
Discussion ....................................................................................................................... 28 
Literature Cited ............................................................................................................... 32 
Tables and Figures .......................................................................................................... 34 
3 Evaluation of feeding different levels of distillers dried grains with solubles  
(DDGS) and soybean hulls in non-feed-withdrawal molt programs for laying 
 hens ............................................................................................................................... 42 
Abstract ........................................................................................................................... 42 
Introduction ..................................................................................................................... 43 
Materials and Methods ................................................................................................... 44 
Results............................................................................................................................. 46 
Discussion ....................................................................................................................... 47 
Literature Cited ............................................................................................................... 51 
       Tables and Figures .......................................................................................................... 53 
 
 
 
1 
 
Chapter 1 
 
Introduction and Literature Review 
 
MOLTING 
 
Introduction 
 
Molting is a natural process that occurs once a year in most avian species.  Molting refers 
to periodic shedding and feather replacement and a decrease in reproductive function (Berry, 
2003).  Upon completion of the molting process, the reproductive system is rejuvenated, 
allowing the hen to resume egg laying.  However, this reproductive inactivity has been found to 
be incomplete and the hen often continues to lay eggs at a low rate for a prolonged period.  In a 
commercial laying hen operation, it is undesirable to have the latter period of unprofitably low 
egg production.  Decreasing egg and hen salvage prices has generated interest in methods in 
which a natural molt could be avoided and a second cycle of egg production be attained.   
Commercial egg producers often induce molting in laying hens to extend the reproductive 
capacity of the flock. 
Commercial induced molting, an important management tool, has been widely used by 
the majority of U.S. egg producers to rejuvenate laying hens for a second cycle of egg production 
(Wu et al., 2007).   When carried out properly, induced molting can be effective for producing 
second cycle economical production, increased productivity and improved egg shell quality.  
Induced molting may also increase profits by optimizing the use of replacement pullets on 
commercial layer farms.  Forty-seven percent more chickens would be required to keep houses 
full using the one-cycle option (Bell, 2003).  Induced molting is a process that causes cessation 
of egg production for a period of time and a rapid loss in body weight and is commonly initiated 
when hens are between 65 and 72 weeks of age.  The objective of an induced molt program is to 
induce hens to cease egg production and enter into a non-reproductive state (Webster, 2003).  
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Molting methods are of three basic types: 1) feed removal or limitation, 2) low-nutrient rations, 
3) feed additives.  Variations in each of these include modifications in the length of treatment 
and additional associated factors such as lighting program alterations, type of resting rations fed, 
and age at initiation of the molt (Bell, 2003).  Ideally, a molting program should be simple to 
apply, low in cost, result in low mortality, and lead to high subsequent performance (Swanson 
and Bell, 1974). 
Conventional induced molting focuses on fasting for a period of 4 to 10 days (Christmas 
et al., 1985; McCormick and Cunningham, 1987), water withdrawal (North and Bell, 1990), and 
a reduction in the daily photoperiod.  Typically, hens that are in production are subjected to 17 
hours of light, but during many molt programs, the photoperiod is reduced to 8-10 hours of light 
per day.  Some programs will reduce the photoperiod a week before feed withdrawal is initiated 
in an effort to increase the rate of reduction in egg production.  Decreased photoperiods during 
the molting period have been shown to facilitate induction of molting and reduce mortality 
during this period (Brake and Thaxton, 1982).  If water restriction is involved, it is usually 
removed at the beginning of the fasting period and continued up to 3 days (Berry, 2003).  
Currently, withholding water is not recommended due to increased concerns about egg size and 
increased mortality (Brake and Carey, 1983).   
Other induced molting methods that do not rely solely on fasting involve dietary 
modifications such as feeding high dietary zinc (McCormick and Cunningham, 1987; Berry and 
Brake, 1985), low sodium diets (Harms, 1991), the use of dietary aluminum with feed restriction 
(Hussein et al., 1989) and low dietary calcium (Douglas et al., 1972).  The above methods have 
generally yielded inconsistent and highly variable results for body weight loss, cessation of egg 
production and degree of ovarian regression.  According to Baker et al. (1983), an optimum 
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weight loss value between 27 to 31% was needed for maximum improvement in post-molt 
performance and to ensure ovarian and oviduct regression. Furthermore, molt induction methods 
that produce a complete cessation of egg production and loss of nearly 50% of the primary 
feathers are considered to be the most successful (Brake, 1993).  
 
Previous Feed Withdrawal Molting Programs 
Typically, molting has been commonly achieved by fasting hens for 10 days or more in 
combination with a decrease in the daily photoperiod.  The body weight loss and cessation of egg 
production allows the hen’s reproductive tract, particularly the ovary and oviduct, to regress and 
rejuvenate.  Fasting periods can vary in length from four to 14 days.  Christmas et al. (1985) 
determined that a four day fasting period can be successful for molting birds around 70 weeks of 
age.  Brake and Thaxton (1979) concluded that a 12-day feed withdrawal period resulted in a 
25% weight loss and that one-fourth of this loss was attributed to liver, ovary and oviduct weight 
reduction.  The lack of gut fill and the mobilization of adipose tissue and protein stores as energy 
and amino acid sources comprise the majority of the remaining weight loss.  Koelkebeck et al. 
(1992) determined that a 14-day fasting period might result in decreased long term production 
compared to fasting periods of less than 10 days.  Baker et al. (1981) reported that feed 
deprivation for 16 days reduced total body weight 35% and ovary and oviduct weight 90 and 
84%, respectively.  Weight loss is considered to be one of the main points to achieve a successful 
molting program.  Feed withdrawal to achieve a body weight loss of 25 to 35%, followed by a 
rest period and then re-stimulation of egg production has become the typical industry method for 
induced molting (Webster, 2003).   
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Body weight loss and cessation of egg production allow the reproductive tract, 
particularly the ovary and oviduct, to regress and rejuvenate.  In conjunction with feed 
withdrawal, hens are usually subjected to a decrease in day length or photoperiod.  Typically, 
hens that are in production are subjected to 17 hours of light per day; however, during many molt 
programs, the photoperiod is reduced to 8 to 10 hours of light per day.  Some programs will 
expose the hens to 24 hours of light per day for a week before withdrawing the feed (Brake and 
Carey, 1983).  The hens will then experience a decrease in day length when the feed withdrawal 
period begins.       
After the fasting period, hens must be fed a recovery diet that promotes rejuvenation of 
the reproductive tract.  The use of two diets is recommended by Brake and Carey (1983).  The 
first is a 16% CP corn- soybean meal molt diet fed from the time the flock is returned to feed 
until 5% egg production is reached.  The second is a 17.5% CP diet fed from 5 to 50% egg 
production.  Koelkebeck et al. (2001) evaluated the effects of supplementing a less expensive 
low protein corn molt diet with several different levels of spent hen meal for a period of 15 days 
after a 12 and 11 day feed withdrawal. Results indicated that improved early post-molt 
performance may be achieved by supplementation of a low protein corn molt diet with 5 to 10% 
spent hen meal. A nutritionally complete laying hen diet (16% CP, 4% Ca) was then fed after the 
recovery diet for the duration of the post-molt production period.  Brake et al. (1979) evaluated 
the feeding of a fortified ground corn ration and a nutritionally-complete pullet grower ration for 
18 days after a 10 day feed withdrawal period and the results showed that hens who received the 
pullet grower ration exhibited improved egg production and maintained egg size and shell 
quality comparable to that of the hens which received the fortified ground corn ration.   
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Non-feed-withdrawal Molting Programs 
As discussed earlier, induced molting is a very valuable tool for a producer.  However, 
concern has been raised about the use of feed withdrawal to induce a molt in laying hens.  Many 
animal rights groups have criticized the use of long periods of feed withdrawal (Bell and Kuney, 
2004).  These groups argued that the feed withdrawal period is harmful to hens (Webster, 2003).  
Many food companies such as McDonald’s, Wendy’s and Burger King have implemented 
policies whereby they will not purchase eggs from producers that use feed restriction in their 
molting programs (Egg Industry, 2000; Smith, 2002).  In order to address animal welfare 
concerns, efforts have been made by many investigators to reduce or eliminate the feed 
withdrawal period of a molting program (Keshavarz and Quimby, 2002). For this reason, 
alternative methods that do not require a period of feed withdrawal have been considered.  In 
1999, The United Egg Producers (UEP) commissioned 5 universities to conduct experiments to 
develop alternative molting programs that did not use feed withdrawal to molt laying hens 
(Koelkebeck et al., 2006).  The 5 universities included the University of Nebraska, North 
Carolina State University, University of California, University of Arkansas, and the University 
of Illinois.  All 5 universities attempted to develop alternatives to feed withdrawal that would 
improve health and reduce stress levels of hens while maintaining high production benefits to 
producers.   
Research conducted at the University of Nebraska focused on feeding nutrient balanced 
diets (1,250 kcal of MEn/lb, 10 and 12.5% protein, 1.5% calcium, and 0.5% available 
phosphorus) with 0% added salt.  Their program also included increasing the photoperiod to 16 
or 24 h of light one week prior to initiation of the molt treatments.  They concluded that the level 
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of sodium did not affect feed intake and that cessation of lay and body weight loss were not as 
complete as those of hens molted by an 8 to 10 day fasting period (Scheideler and Beck, 2002).   
Studies conducted at North Carolina State University compared 4 molting techniques. 
These included; 1) a no molt group; 2) a 12 day fast followed by a full fed diet (16% CP, 2% 
Ca); 3) a 5 day fast followed by feeding a low protein/energy maintenance diet (10% CP, 1,650 
kcal of MEn/kg) containing corn, soybean hulls, and wheat middlings for 28 days; and 4) feeding 
a low protein, low energy diet ad libitum fed for 28 days. In this work, hens were given 24 hours 
of light one week prior to feeding the experimental diets, and then placed on 9 h of total light per 
day for 28 days. Photoperiod was increased to 14 hours on day 28 and to 16.5 hours on day 31. 
The results indicated that using a low protein, low energy molt diet without fasting provided 
comparable post-molt performance to a conventional feed withdrawal molt program (Anderson 
and Havenstein, 2007). 
Research at the University of California was conducted on commercial egg farms with 5 
field tests using paired houses. Relative performance of flocks molted by traditional feed 
removal methods was evaluated compared with flocks fed diets with low levels of sodium, 
calcium and protein.  The results showed that egg production and BW losses differed between 
the two molting methods during the first 4 weeks of the trial, but performance after that was 
similar (Bell and Kuney, 2004).  In the work done at the University of Arkansas, the approach 
was to feed hens a molt diet containing supplemental iodinate thyroxine (T4) in combination with 
a molt diet to induce a molt.  Researchers found that the T4 played a functional role in the 
molting process, particularly in association with long-day photo-stimulation and initiation of 
reproductive development (Kuenzel, 2003).   
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The approach of the University of Illinois has been to develop a non-withdrawal feeding 
program that is easy for the industry to implement and uses readily available and economical 
feed ingredients.  The primary emphasis has been on feeding low-energy diets.  Non-feed-
withdrawal molting diets composed of wheat middlings, soybean hulls, corn gluten feed and 
other ingredients by themselves and in combination with corn have been evaluated (Koelkebeck 
et al., 2006).  Results indicated that feeding a diet high in wheat middlings induces hens to molt 
and post-molt performance was comparable to a feed withdrawal molting technique (Biggs et al., 
2003). Also, feeding diets high in corn, corn gluten feed or a 71% wheat middlings and 23 % 
corn combination were effective alternative molt programs (Biggs et al., 2004).  
Several subsequent studies have been conducted to evaluate different feed ingredients in 
molt diets for non-feed-withdrawal molt programs.  Mejia et al. (2010) reported that limit 
feeding high corn distillers dried grains with solubles (DDGS) diets resulted in total cessation of 
egg production in a non-feed-withdrawal molting program, whereas Biggs et al., (2003) had 
earlier reported that feeding high DDGS ad libitum was not successful.  Patwardhan et al., (2011) 
concluded that tomato pomace and safflower meal can be useful in non-feed-withdrawal molt 
diets.  Results indicated feed consumption and BW comparable to those obtained by feeding a 
no-salt diet during a molt.  In a study conducted by Donalson et. al. (2005), the utilization of 
different ratios of alfalfa meal and layer ration to induce a molt were evaluated.  These diets 
appeared to be viable alternatives for successful molt induction and post- molt performance.   
Landers et al. (2005) indicated that alfalfa meal and alfalfa pelleted diets were effective in a non-
feed-removal program in causing ovarian regression, and hens molted with these diets exhibited 
post-molt egg production levels that were similar to hens molted by feed withdrawal.  Petek and 
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Alpay (2008) concluded that satisfactory performance could be achieved in a non-feed-
withdrawal program by feeding high levels of barley. 
During the last nine years, studies have evaluated the use of insoluble plant fibers, 
inexpensive and readily available feed ingredients and alternative non-feed-withdrawal molting 
procedures to decrease the risk of foodborne pathogen contaminated eggs.   The latter is 
important because induced molting of laying hens using feed withdrawal can increase enteric 
foodborne pathogens in the reproductive tract, leading to contaminated eggs (Cogan and 
Humphrey, 2003; Holt, 1992).  However, a study conducted by McReynolds et al. (2009) 
determined that feeding alfalfa as an alternative molting diet elicited a more functional innate 
immune response than fasted birds, allowing hens a better opportunity to resist an enteric 
pathogen infection.  Willis et al. (2008) determined that a greater decrease in the natural 
Salmonella population in the ceca and crop can be obtained with the combination of a full-fed 
alfalfa plus mushroom extract in molting hens and induce a comparable molt with feed 
withdrawal.  Also, research done by Murase et al. (2005) demonstrated that feeding layers wheat 
middlings, as an alternative method to feed removal, could successfully be used to molt birds. 
His results suggest that molting via feeding wheat middlings exerts minimal negative effects on 
antibody production against Newcastle disease vaccine compared with feed removal. Seo et al. 
(2001) indicated that there are alternative methods to long-term feed removal, such as ad libitum 
feeding wheat middlings, that can be used to molt birds and not increase the risk for Salmonella 
enteritidis problems. 
The studies reviewed above indicate that there are effective alternatives to induce a molt 
in laying hens without the use of a fasting period.  Feed removal programs have shown to be the 
most effective and economical molting programs.  However, increased pressure from animal 
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rights groups and restrictions from companies have led to the development and use of non-feed-
withdrawal molting programs.  According to UEP guidelines as of January 1, 2006, only non-
feed-withdrawal molting methods are permitted.  These guidelines were being used by 82% of 
the U.S. egg industry in 2006 (Koelkebeck et al., 2006) and this rate is almost 100% today.  
Although effective non-feed-withdrawal molt programs have been developed, these programs are 
more expensive than feed withdrawal programs, primarily due to the increased feed costs 
associated with the need to feed a molt diet for a period of approximately 28 days.  
Consequently, reducing the cost of the molt diets would be beneficial.  One ingredient that has 
become very attractive and often is very economical is DDGS.  Consequently, the following 
section will discuss the general use of DDGS in poultry diets and recent work on the use of 
DDGS in molt diets for laying hens.   
THE USE OF DDGS IN POULTRY NUTRITION 
Introduction 
The feed ingredient, DDGS, is a by-product of the ethanol industry created in the 
fermentation process of cereal grains starch in dry mill ethanol plants.  Currently, the United 
States is the world leader in ethanol production; however, the European Union has also 
supported biofuels production in order to diversify energy supplies (Swiatkiewicz and Koreleski, 
2008).  The growth of ethanol production has resulted in increased quantities of DDGS available 
to feed producers.  Additionally, as conventional feed ingredient prices continue to increase, the 
inclusion of products such as DDGS to replace some portion of the more expensive ingredients 
has received increased attention.  DDGS is by no means a new feed ingredient.  In a study 
conducted by Waldroup et al., (1981), up to 25% DDGS from the beverage alcohol industry 
could be included into broiler diets without reduction in body weight or feed utilization if dietary 
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ME was kept constant.  Similarly, no adverse effects on egg production of laying hens were 
detected when diets with up to 20% DDGS were fed (Matterson et al., 1966).  Also, Parsons and 
Baker (1983) reported that 40% of the soybean meal in broiler diets could be replaced by DDGS.  
Nevertheless, in recent decades, DDGS has been a rare component of broiler and layer feeds, 
despite the growth of the poultry industry (Dale and Batal, 2003).  The main problem in the use 
of DDGS as a feed ingredient is the high variability of nutrient concentration and quality among 
different DDGS sources.  Because of this, DDGS has been used in practical poultry diets at low 
(approximately 5%) inclusion rates (Swiatkiewicz and Koreleski, 2008).      
Most of the early studies with DDGS evaluated DDGS produced from beverage ethanol 
plants.  Most of the more recent studies have evaluated DDGS produced from biofuel ethanol 
plants.  In reviewing studies on feeding DDGS to broiler chickens, dietary inclusion rates that are 
much higher than 5% have been evaluated.  Shim et al. (2011) reported that broilers fed 8, 16, 
and 24% DDGS showed increased BW gain compared with those fed a control diet with no 
DDGS.   In another study, researchers fed 0 or 8% DDGS in a starter broiler diet (0 to 14d) 
followed by a grower diet (14- 28d) containing 0, 7.5, 15, 22.5, or 30% DDGS (Loar et al., 
2010a).  Broilers that consumed 0% DDGS in the starter phase exhibited a decrease in feed 
consumption when fed higher inclusion levels of DDGS during the grower phase, whereas those 
that received 8% DDGS during the starter phase were not affected by DDGS inclusion level in 
the grower phase.  The feed consumption response suggests it may be beneficial to include some 
DDGS in broiler starter diets if inclusion levels of 22.5% or higher are to be fed after 14 d of age. 
Wang et al. (2007) indicated that a level of 15% DDGS, formulated on digestible amino acid 
basis, can be effectively used in broiler diets.  They also concluded that feeding diets with 30% 
DDGS during the starter or grower periods resulted in decreased performance but could possibly 
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be tolerated in the finisher diet.  Furthermore, Wang et al. (2008) reported that throughout a 42 
day study broilers fed diets with 30% DDGS had significantly lower body weight and 
significantly higher feed conversion than did broilers fed the control diet with no DDGS.  In 
contrast, Oryschak et al. (2010) determined that 10% DDGS can be fed with no adverse effects 
on growth performance or breast meat yield.   Loar et al., (2012) evaluated the effects of feeding 
0 vs. 8% DDGS in a broiler diet during the starter and grower phases (0- 14d and 14- 28d) and 
subsequently feeding a finisher diet (28- 42d) with either 0, 7, 14, 21, or 28% DDGS.  During the 
starter phase, 8% DDGS in the diet resulted in a significantly (P< 0.05) higher feed conversion 
ratio.  During the finisher phase, DDGS inclusion levels greater than 14% caused a significant 
decrease in body weight gain and feed intake compared to the 0% DDGS control diet.  Dressing 
percentage and breast meat yield declined linearly with increasing inclusion of DDGS.     
The effect of DDGS inclusion rate on broiler meat quality has also been studied.  
Schilling et al. (2010) reported that diets containing 0 to 24% DDGS yielded high-quality breast 
meat, but diets containing more than 12% DDGS produced thigh meat that was more susceptible 
to oxidation.  A study conducted by Corzo et al. (2009) concluded that the inclusion of 8% 
DDGS in broiler diets had minimal effects on breast and thigh meat quality.  Also, Wang et al. 
(2007) reported that broilers can be fed up to 15% DDGS through the grower period without 
affecting carcass composition or growth. 
In reviewing studies with laying hens, early studies concluded that laying hens could be 
fed diets with up to 20% DDGS  from the beverage alcohol industry without negatively 
influencing egg production and egg weight (Harms et al., 1969; Jensen et al., 1974).  Today, the 
majority of the DDGS is from the biofuel ethanol industry and not the beverage alcohol industry.   
Lumpkins et al. (2005) fed diets containing either 0 or 15% DDGS to White Leghorn-type hens 
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from 22 weeks of age to 43 weeks of age. Inclusion of DDGS did not affect egg production, egg 
weight, feed consumption, or feed utilization.  Loar et al. (2010b) evaluated second-cycle 
Bovans White laying hens that were fed varying levels (0, 8, 16, 24, or 32%) of DDGS.  The 
16% DDGS treatment resulted in significantly higher egg production than the 0, 8, and 24% 
treatments, whereas the 32% treatment was intermediate and did not significantly differ from the 
other treatments.  Inclusion of DDGS in the diet led to a significantly darker (L values) and 
redder (A values) yolk, with a tendency to increase Haugh unit values (P= 0.03).  They 
concluded that DDGS could be included at a rate of up to 32% without detrimental effects on 
production or egg characteristics.  Scheideler et al. (2008) fed White Leghorn hens (24 weeks of 
age) DDGS inclusion levels of between 0 and 25% for 22 weeks. Egg production, feed 
consumption, and body weight gain were not affected by the DDGS inclusion levels, but egg 
weights were lower when diets contained 20 or 25% DDGS.  Furthermore, Masa’deh et al. 
(2011) fed diets containing 0, 5, 10, 20 or 25% DDGS to Bovans White laying hens from 24 to 
46 wk (phase 1) and 47 to 76 wk (phase 2) of age.   Results indicated that feeding up to 25% 
DDGS had no negative effects on feed intake, egg production, Haugh units, or specific gravity.  
Increasing DDGS level beyond 15% caused a reduction in egg weight during phase 1, though no 
differences in egg weight were seen in phase 2.   
 As discussed earlier, commercial egg producers are now often using non-feed-withdrawal 
molting programs that involve feeding low-energy molt diets that contain high levels of 
ingredients such as wheat middlings and soybean hulls.  There is increased interest in using 
DDGS in laying hen diets because it is often an inexpensive ingredient.  Biggs et al. (2004) 
concluded that high-DDGS diets (94-96%) fed ad libitum did not cease egg production, did not 
produce satisfactory body weight loss and post-molt performance was negatively affected.  In 
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contrast, Mejia et al. (2010) reported that limit feeding high-DDGS diets did result in total 
cessation of egg production in a non-feed-withdrawal molt program.  Mejia et al. (2011) 
conducted another study to evaluate the effects of limit feeding varying levels of DDGS (10, 20, 
and 47%) combined with corn, wheat middlings, and soybean hulls on long-term laying hen 
post-molt performance.  The results of this study indicated that limit feeding diets containing 
DDGS at levels of 65 or 55g/hen per day during the molt period did not cause hens to totally 
cease egg production.      
 The inconsistent results with DDGS in molt diets among studies may be due to the source 
and quality of the DDGS used.  Heat processing of wet distillers grains can reduce the utilization 
of heat-sensitive amino acids such as lysine (Cromwell et al., 1993). A Maillard reaction occurs 
when the lysine and reducing sugars in DDGS interact and cause the lysine to become 
biologically unavailable. In a study conducted by Fastinger et al. (2006), five sources of DDGS 
which varied in darkness of color were collected from several processing plants in the 
Midwestern US.  Total lysine content of the DDGS sources ranged from 0.48 to 0.76%, with the 
lowest lysine content being in the darkest DDGS source.  Apparent and true lysine digestibility 
was approximately 30 and 15 percentage units lower (P<0.05), respectively, in the dark colored 
source than in the other 4 sources.  The TMEn content was also lower in the darkest DDGS 
source.  The authors concluded that dark colored DDGS may have been overheated during 
drying, causing extensive Maillard reactions, lowered total lysine content, lysine digestibility, 
and TMEn content.  Batal and Dale (2006) evaluated 17 DDGS samples from 6 different plants in 
the Midwest.  Considerable differences were observed among the true amino acid (AA) 
digestibilities of the DDGS samples, particularly for lysine.  Most samples were golden in color, 
and true AA digestibility values appeared relatively consistent among these samples. The yellow 
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and lighter colored DDGS samples had higher total and digestible AA levels than the darker 
brown samples, indicating that color measurement may be a quick and reliable method of 
estimating the amino acid quality of DDGS when used as a feed ingredient for poultry.   
 The results of the above studies clearly indicate that the protein quality of DDGS can 
vary among samples, particularly the content and digestibility of lysine.  The latter is important 
because lysine is the first limiting AA in DDGS.  The variation in protein quality of DDGS may 
largely account for the inconsistent results obtained with this ingredient when used in non-feed-
withdrawal molt programs.  Therefore, the overall objective of this thesis was to evaluate 
different sources and dietary inclusion levels of DDGS in non-feed-withdrawal molt diets fed ad 
libitum.   
  
 
 
 
 
 
 
 
 
 
15 
 
LITERATURE CITED 
Anderson, K.E., and G.B. Havenstein. 2007. Effect of alternative molting programs and 
population on layer performance: Results of the thirty-fifth North Carolina layer 
performance and management test. J. Appl. Poult. Res. 16:365-380. 
Baker, M. J., J. T. Brake, and L. M. Krista. 1981. Total body lipid and uterine lipid changes 
 during a forced molt of caged layers. Poult. Sci. 60:1593. (Abstr) 
Baker, M., J. Brake, and G.R. McDaniel. 1983. The relationship between body weight loss 
 during an induced molt and postmolt egg production, egg weight, and shell quality in 
 caged layers. Poult. Sci. 62:409-413. 
Batal, A. B., and N. M. Dale. 2006. True metabolizable energy and amino acid digestibility of 
distillers dried grains with solubles.  J. Appl. Poult. Res. 15:89-93.   
Bell, D. D. 2003. Historical and current molting practices in the U.S. table egg industry. Poult.
 Sci. 82:965-970. 
Bell, D.D., and D.R. Kuney. 2004. Farm evaluation of alternative molting procedures. J. Appl. 
 Poult. Res. 13:673-679 
Berry, W. D., and J. Brake. 1985. Comparison of parameters associated with molt induced by 
  fasting, zinc, and low dietary sodium in caged layers. Poult. Sci. 64:2027-2036 
Berry, W.D. 2003. The physiology of induced molting. Poult. Sci. 82:971-980. 
Biggs, P.E., M.W. Douglas, K.W. Koelkebeck, and C.M. Parsons. 2003. Evaluation of nonfeed 
removal methods for molting programs. Poult. Sci. 82:749-753. 
Biggs, P.E., M.E. Persia, K.W. Koelkebeck, and C. M. Parsons. 2004. Further evaluation of 
nonfeed removal methods for molting programs. Poult. Sci. 83:745-752. 
Brake, J. 1993. Recent advances in induced molting. Poult. Sci. 72:929-931. 
16 
 
Brake, J., and J.B. Carey. 1983. Induced molting of commercial layers. North Carolina 
Agricultural Extension Service Poultry Science and Technical Guide No. 10. 
Brake, J., and P. Thaxton. 1982. Comparative effect of photoperiod modification and/or fasting 
with a short period without water on physiological and performance parameters 
associated with molt in SCWL hens. Poult. Sci. 61:1382 (Abstr.). 
Brake, J., P. Thaxton, J.D. Garlich, and D.H. Sherwood. 1979. Comparison of fortified ground 
corn and pullet grower feeding regimes during a forced molt on subsequent layer 
performance. Poult. Sci. 58:785-790. 
Brake, J. T., and P. Thaxton. 1979. Physiological changes in caged layers during a forced molt. 
 2. Gross changes in organs. Poult. Sci. 58:707-716. 
Christmas, R.B., R.H. Harms, and O.M. Junqueira. 1985. Performance of single comb white 
leghorn hens subjected to 4 or 10-day feed withdrawal force rest procedures. Poult. Sci. 
64:2321-2324. 
Cogan, T. A., and T. J. Humphrey. 2003. The rise and fall of Salmonella enteritidis in the UK. J. 
Appl. Microbiol. 94:114S-119S.   
Corzo, A., M.W. Schilling, R.E. Loar II, V. Jackson, S. Kin, and V. Radhakrishnan. 2009. The 
effects of feeding distillers dried grains with solubles on broiler meat quality. Poult. Sci. 
88:432-439. 
Cromwell, G. L., K. L. Herkelman, and T. S. Stahley. 1993.  Physical, chemical, and nutritional 
characteristics of distillers dried grains with solubles for chicks and pigs.  J. Anim. Sci. 
71:679-686.  
17 
 
Dale, N., and A. Batal. 2003. Nutritional value of distillers dried grains with solubles for poultry. 
19th Annual Carolina Nutrition Conference, Research Triangle Park, NC. pp. 1-6. 
October 30, 2003. 
Donalson, L.M., W. K. Kim, C. L. Woodward, P. Herrera, L. F. Kubena, D.J. Nisbet, and S. C. 
Ricke. 2005. Poult. Sci. 84:362-369. 
Douglas, C. R., R. H. Harms, and H.R. Wilson. 1972. The use of extremely low dietary calcium 
to alter the production pattern of laying hens. Poult. Sci. 51:2015-2020. 
Egg Industry.  2000.  McDonald’s targets the egg industry.  Egg Ind.  105:10-13.   
Fastinger, N. D., J. D. Latshaw, and D. C. Mahan.  2006.  Amino acid availability and true 
 metabolizable energy content of corn distillers dried grains with solubles in adult 
 cecectomized roosters.  Poult. Sci. 85:1212-1216.  
Harms, R.H., S. Moreno, and B.L. Damron. 1969. Evaluation of distillers dried grains with 
solubles in diets of laying hens. Poult. Sci. 48:1652-1655. 
Harms, R.H. 1991. Effect of removing salt, sodium, or chloride from the diet of commercial 
 layers. Poult. Sci. 70:333-336. 
Holt, P. S. 1992. Effect of induced molting on B cell and CT4 and CTS T cell numbers in 
spleens and peripheral blood of White Leghorn hens. Poult. Sci. 71:2027-2034. 
Hussein, A.S., A. H. Cantor, and T.H. Johnson. 1989. Comparison of the use of dietary 
aluminum with the use of feed restriction for force-molting laying hens. Poult. Sci. 
68:891-896. 
Jensen, L. S., L. Falen, and C. H. Chang. 1974.  Effect of distillers dried grain with solubles on 
  reproduction and liver fat accumulation in laying hens. Poult. Sci. 53:586-592. 
18 
 
Keshavarz, K., and F.W. Quimby. 2002. An investigation of different molting techniques with an 
 emphasis on animal welfare. J. Appl. Poult. Res. 11:54-67. 
Koelkebeck, K.W., C.M. Parsons, R. W. Leeper, and J. Moshtaghian. 1992. Effect of duration of 
 fasting on postmolt laying hen performance. Poult. Sci. 71:434-439. 
Koelkebeck, K. W., C. M. Parsons, P. Biggs, and P. Utterback. 2006. Nonwithdrawal molting 
programs. J. Appl. Poult. Res. 15:483-491. 
Koelkebeck, K.W., C. M. Parsons, M. W. Douglas, R. W. Leeper, S. Jin, X. Wang, Y. Zhang, 
and S. Fernandez. 2001. Early postmolt performance of laying hens fed a low-protein 
corn molt diet supplemented with spent hen meal. Poult. Sci. 80:353-357. 
Kuenzel, W. J. 2003. Neurobiology of molt in avian species. Poult. Sci. 82:981-991. 
Landers, K. L., C. L. Woodward, X. Li, L.F. Kubena, D. J. Nisbet, and S. C. Ricke. 2005. Alfalfa 
as a single dietary source for molt induction in laying hens. J. Biotech. 96:565-570. 
Loar II, R. E., J. S. Moritz, J. R. Donaldson, and A. Corzo. 2010a. Effects of feeding distillers 
dried grains with solubles to broilers from 0 to 28 days posthatch on broiler performance, 
feed manufacturing efficiency, and selected intestinal characteristics. Poult. Sci. 89:2242-
2250.  
Loar II, R. E., M. W. Schilling, C. D.  McDaniel, C. D. Coufal, S. F. Rogers, K. Karges, and A. 
Corzo.  2010b. Effect of dietary inclusion level of distillers dried grains with solubles on 
layer performance, egg characteristics, and consumer acceptability. J. Appl. Poult. Res. 
19:30-37. 
Loar II, R. E., J. R. Donaldson, and A. Corzo.  2012.  Effects of feeding distillers dried grains 
with solubles to broilers from 0 to 42 days posthatch on broiler performance, carcass 
characteristics, and selected intestinal characteristics.  J. Appl. Poult. Res. 21:48-62. 
19 
 
Lumpkins, B. S., A. Batal, and N. Dale. 2005. Use of distillers dried grains plus solubles in 
laying hen diets. J. Appl. Res. 14:25-31. 
McCormick, C. C., and D. L. Cunningham. 1987. Performance and physiological profiles of high 
dietary zinc and fasting as methods of inducing a forced rest: A direct comparison. Poult. 
Sci. 66:1007-1013. 
McReynolds, J. L., K. J. Genovese, H. He, C. L. Swaggerty, J. A. Byrd, S. C. Ricke, D. J. Nisbet, 
and M. H. Kogut. 2009. Alfalfa as a nutritive modulator in maintaining the innate 
immune response during the molting process. J. Appl. Poult. Res. 18:410-417.   
Masa’deh, M. K., S. E. Purdum, and K. J. Hanford.  2011. Dried distillers grains with solubles in 
laying hen diets.  Poult. Sci. 90:1960-1966. 
Matterson, L. D., J. Tlustohowicz, and E. P. Singsen. 1966.  Corn distillers dried grains with 
solubles in rations for high-producing hens. Poult. Sci. 45:147-151. 
Mejia, L., E. T. Meyer, P. L. Utterback, C. W. Utterback, C. M. Parsons, and K. W. Koelkebeck. 
2010. Evaluation of limit feeding corn and DDGS in non-feed withdrawal molt programs 
for laying hens.  Poult. Sci. 89:386-392. 
Mejia, L., E. T. Meyer, D. L. Studer, P. L. Utterback, C. W. Utterback, C. M. Parsons, and K. W. 
Koelkebeck. 2011.  Evaluation of limit feeding varying levels of distillers dried grains 
with solubles in non-feed-withdrawal molt programs for laying hens.  Poult. Sci. 90:321-
327.  
Murase, T., T. Sato, S. Miyahara, K. Otsuki, and P.S. Holt. 2005. Comparison of effects of 
induced molting through feeding of wheat middlings or feed withdrawal on humoral 
immunity of laying hens in a commercial egg-laying farm. Poult. Sci. 84 (Suppl. 1): 90. 
20 
 
North, M. O., and D. D. Bell. 1990. Commercial Chicken Production Manual. 4th ed. Chapman 
Hall, New York.   
Oryschak, M., D. Korver, M. Zuidhof, X. Meng, and E. Beltranena.  2010.  Comparative feeding 
value of extruded and nonextruded wheat and corn distillers dried grains with solubles for 
broilers. Poult. Sci. 89:2183-2196.  
Parsons, C. M., and D. H. Baker. 1983. Distillers dried grain with solubles as a protein source for 
the chick. Poult. Sci. 62:2445-2451. 
Patwardhan, D. S., A. J. King, and A. Mireles. 2011. Tomato pomace and safflower meal as 
ingredients in non-feed-removal diets. J. Appl. Poult. Res. 20:291-302. 
Petek, M., and F. Alpay. 2008. Utilization of grain barley and alfalfa meal as alternative moult 
induction programmes for laying hens: Body weight losses and egg production traits. 
Bulg. J. Vet. Med. 4:243-249. 
Scheideler, S. E., and M. M. Beck. 2002. Guidelines for a non-fasting feeding program for the 
molting of laying hens. Historical Materials from University of Nebraska-Lincoln 
Extension. Paper 1811. http://digitalcommons.unl.edu/extensionhist/1811 
Scheideler, S. E., M. Masa’dah, and K. Roberson. 2008. Dried distillers grains with solubles in 
laying hens ration and notes about mycotoxins in DDGS.  In Pre-Show Nutrition 
Symposium, Midwest Poultry Federation Convention. St. Paul, MN.  March 18-20, 2008. 
Schilling, M. W., V. Battula, R. E. Loar II, V. Jackson, S. Kin, and A. Corzo. 2010. Dietary 
inclusion level effects of distillers dried grains with solubles on broiler meat quality. 
Poult. Sci. 89:752-760.  
21 
 
Seo, K.H., P.S. Holt, and R. K. Gast. 2001. Comparison of Salmonella Enteritidis infection in 
hens molted via long-term feed withdrawal versus full fed wheat middlings. J. Food Prot. 
64:1917-1921. 
Shim, M. Y., G. M. Pesti, R. I. Bakalli, P. B. Tillman, and R. L. Payne.  2011. Evaluation of corn 
distillers dried grains with solubles as an alternative ingredient for broilers. Poult. Sci. 
90:369-376.  
Smith, R.  2002.  FMI, NCCR roll out husbandry standards.  Feedstuffs.  74:1.   
Swanson, M. H., and D. D. Bell. 1974. Force molting of chickens- II Methods. Leaflet 2649. 
 University of California, Davis, CA.  
Swiatkiewicz, S., and J. Koreleski. 2008. The use of distillers dried grains with solubles (DDGS) 
in poultry nutrition. W. Poult. Sci. J. 64:257-265.       
Waldroup, P. W., J. A. Owen, B. E. Ramsey, and D. L. Whelchel. 1981. The use of high level of 
distillers dried grains with solubles in broiler diets. Poult. Sci. 60:1479-1484. 
Wang, Z., S. Cerrate, C. Coto. F. Yan, and P. W. Waldroup. 2007. Use of constant or increasing 
levels of distillers dried grains with solubles (DDGS) in broiler diets. Int. J. Poult. Sci. 6 
(7):501-507. 
Wang, Z., S. Cerrate, C. Coto, F. Yan, F. P. Costa, A. Abdel-Maksoud, and P. W. Waldroup. 
2008. Evaluation of corn distillers dried grains with solubles in broiler diets formulated to 
be isocaloric at industry energy levels or formulated to optimum density with constant 
1% fat. Int. J. Poult. Sci. 7 (7):630-637. 
Webster, A. B. 2003. Physiology and behavior of the hen during induced molt. Poult. Sci. 
82:992-1002. 
22 
 
Willis, W. L., I. Goktepe, O. S. Isikhuemhen, M. Reed, K. King and C. Murray. 2008. The effect 
of mushroom and pokeweed extract on Salmonella, egg production, and weight loss in 
molting hens. Poult. Sci. 87:2451-2457.  
Wu, G., P. Gunawardana, M. M. Bryant, R. A. Voitle, and D. A. Roland Sr. 2007. Effect of 
 molting method and dietary energy on postmolt performance, egg components, egg solid, 
 and egg quality in bovans white and dekalb white hens during second cycle phases two 
 and three. Poult. Sci. 86:869-876. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
23 
 
Chapter 2 
 
Evaluation of feeding various sources of distillers dried grains with solubles (DDGS) in 
non-feed-withdrawal molt programs for laying hens 
 
ABSTRACT 
 
 An experiment was conducted using 588 Hy-Line W-36 hens (68 wks of age) to evaluate 
if laying hens can be successfully molted by ad libitum feeding various levels of three sources of 
DDGS.  The three sources of DDGS varied greatly in color.  Treatment 1 consisted of a 47% 
corn (C):47% soy hulls (SH) molt diet (C:SH) fed for 28 d (positive control).  Treatments 2, 3 
and 4 were molt diets containing 94% DDGS from the three sources fed for 28 d.  Treatments 5, 
6 and 7 were 32% C: 42% SH: 20% DDGS, also fed for 28 d.  At the end of the 28 d molt 
period, all hens were fed a 16% CP corn- soybean meal layer diet.  
 Body weight (BW) loss during the molt period was significantly greater (P<0.05) for 
hens fed the C:SH diet (26%) than hens fed the diets containing DDGS.  The BW loss was also 
greater for hens fed the C:SH:DDGS diets (12%) than for the hens fed the 94% DDGS diets 
(2%) and the reduction in BW loss varied among DDGS sources.  Feed consumption was lower 
for hens fed the C:SH control diet compared to hens fed the DDGS diets.  Hens fed the C:SH diet 
had egg production near 0% during the last three weeks of the molt period. Hens on the other 
treatments did not have egg production below 8-10% during the molt period, and the reduction in 
egg production varied among DDGS sources.  The darkest brown DDGS resulted in the greatest 
reduction in egg production.  During the first 8 weeks of the post-molt period, egg production of 
hens that had been fed the C:SH diet during the molt period was generally lower than that of 
hens fed the other molt diets.  Post-molt hen-day egg production (5-40wks) did not significantly 
differ among treatments; however, egg mass and egg specific gravity were generally reduced for 
hens fed the 94% DDGS molt diets compared to hens fed the CSH diet.  This study showed that 
24 
 
molt and post-molt performance responses varied among DDGS sources; however, none of the 
molt diets containing 20-94% DDGS yielded satisfactory reductions in BW or egg production 
when compared to a 47% corn: 47% soy hulls diet.  
INTRODUCTION 
 Induced molting of laying hens is a process conducted by most commercial egg 
producers to extend the productive life of their hens.  Induced molting causes rapid body weight 
loss and a cessation of egg production for a period of time.  Traditional molt programs involved 
varying lengths of feed removal and photoperiod reduction to obtain a total cessation of egg 
production (Andrews et al., 1987; Hurwitz et al., 1995).  Animal rights activists have expressed 
concerns regarding induced molting.  Their main concern is that induced molting typically 
involved feed withdrawal, which is thought to be harmful and inhumane.  Due to these concerns, 
research has been focused on non-feed-withdrawal molting programs.    
Several researchers have evaluated and successfully used non-feed-withdrawal molt 
programs.  For example, high wheat middlings diets (Biggs et al., 2003), a combination of wheat 
middlings and corn (Biggs et al., 2004), low protein, low energy diets (Anderson, 2002), high 
zinc diets (Park et al., 2004), different ratios of alfalfa and layer rations (Donalson et al., 2005) 
were found to be effective non-feed-withdrawal molting methods.  With the large increase in 
ethanol production from corn in recent years, corn distillers dried grains with solubles (DDGS) 
has become a readily available and economical feed ingredient in many areas and could be a 
good ingredient for non-feel withdrawal molting programs.  However, previous research in our 
laboratory has yielded inconsistent results.  Biggs et al. (2004) showed that high DDGS diets 
(94-96%) fed ad libitum did not cause hens to totally cease egg production.  Similar responses 
were seen in a study conducted by Mejia et al. (2011) where varying levels of DDGS with corn, 
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wheat middlings and soybean hulls were limit fed.  In contrast, Mejia et al. (2010) reported that 
limit feeding high DDGS diets did result in total cessation or zero egg production in a non-feed-
withdrawal molt program in an earlier study.  It is hypothesized that the inconsistent results with 
DDGS in molt diets may be due to the source and quality of the DDGS.  Therefore, the objective 
of this study was to evaluate different sources and dietary inclusion levels of DDGS in non-feed-
withdrawal molt diets fed ad libitum. 
MATERIALS AND METHODS 
 All animal care procedures were approved by the university institutional animal care and 
use committee (IACUC).  An experiment was conducted using 588 Hy-Line W-36 Single Comb 
White Leghorn hens (68 wk of age).  The hens were housed in a caged layer house of 
commercial design with water and feed provided for ad libitum consumption and exposed to a 
17-h daily photoperiod prior to the start of the experiment. Six replicate groups of 14 hens each 
(2 adjacent cages containing 7 hens per cage, 60.9 x 58.4 cm) were allotted to seven dietary 
treatments in a completely randomized design so that mean body weight was similar for each 
treatment.  The molt treatments consisted of a 47% corn: 47% soy hulls diet (C:SH) fed ad 
libitum for 28 d; a 94% DDGS diet from three DDGS sources fed for 28 d (94% DDGS 1, 94% 
DDGS 2, 94% DDGS 3 ; a 32% corn: 42% soyhulls: 20% DDGS diet from three DDGS sources 
fed for 28 d (C:SH:DDGS 1, C:SH:DDGS 2, C:SH:DDGS 3).  The basic composition of the molt 
diets is shown in Table 2.1.  The 20% DDGS level was used because it is a typical upper level 
used in many commercial molt diets; these diets were formulated to have the same metabolizable 
energy as the C:SH diet.   
 At the onset of the trial (d1), hens were fed their respective diet for the 28 day molt 
period. On day 29, all hens were switched to a 16% CP corn-soybean meal layer diet (Table 2.1).  
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The layer diet was fed throughout the 37 wk post-molt period.  The chronology of this trial 
consisted of a 4 wk molt period (68-71 wk of age) followed by a 37 wk post-molt period (72- 
108 wk of age).   
 Two days after the initiation of the molt period (d3), the daily photoperiod was decreased 
from 17 h to 10 h.  On day 21 and 28, the daily photoperiod was increased to 12 and 13 h/d, 
respectively. Then, the photoperiod was increased 30 min/wk until a 17 h photoperiod was 
established. 
Egg Production and Performance 
 Egg production performance was measured for 41 weeks after the onset of feeding the 
molt diets.  Mortality and egg production were recorded daily during the 41 week trial period.  
Egg specific gravity was measured using the flotation method with NaCl solutions varying in 
specific gravity from 1.056 to 1.100 g/cm3.  Specific gravity measurements were conducted 
weekly for all eggs produced in a 48 hour period during weeks 9 to 12, and every 4 weeks from 
wk 16- 40.   Egg weight and mass (calculated using hen-day egg production and mean egg 
weight) were measured on all eggs produced in a 48 hour period every week during weeks 9 to 
12, and every 4 weeks from wk 16 to 40.  Feed consumption was measured weekly from wk 1 to 
12.  Body weights of all hens were measured 2 d before the start of the experiment and at the end 
of the molt period (d 28). 
Statistical Analysis 
 The experimental design was a one-way completely randomized design.  Data were 
analyzed by ANOVA using the GLM procedure of SAS (SAS, 2010) with dietary treatment as 
the independent variable (Steel and Torrie, 1980).  Differences among treatment means were 
detected using Fisher’s Protected Least Significant Difference test (P < 0.05). 
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RESULTS 
 Hens fed the C:SH diet lost 25.8% of their initial body weight (BW) at the end of the 28-
d molt period.  By d 28 of the molt period, hens fed the C:SH:DDGS 1, C:SH:DDGS 2, and 
C:SH:DDGS 3 diets lost 11.5, 11.3, and13.9%, of initial BW, respectively (Table 2.2).  Hens fed 
the 94% DDGS 2 and 94% DDGS 3 lost 4.3 and 5.7%, respectively, of initial BW by d 28; 
however, hens fed the 94% DDGS 1 diet gained 3.0% BW by d 28.    
There were no differences (P> 0.05) in mortality among treatments during the molt 
period or post-molt period.   
Feed intake during the 28-day molt period was highest for hens fed the 94% DDGS 1 diet 
(Table 2.3).  Hens fed the C:SH diet had the lowest feed intake during the 28-d molt period.   
Feed intake for hens fed the 94% DDGS 2 and 3 diets decreased each week, but intake was not 
as low as for the C:SH diet.  Feed intake of the C:SH:DDGS diets was lowest during wk 1 of the 
molt period, then increased during the remaining 3 weeks.  None of the 94% DDGS or 
C:SH:DDGS diets resulted in a decrease in feed intake equal to that of the C:SH diet.  Post-molt 
(wk 5-12) feed intake increased for all treatments when they were switched to the corn-soybean 
meal diet on week 5 (data not shown).  Feed intake was highest for hens fed the C:SH:DDGS 1 
diet, and lowest for the 94% DDGS 3 diet during the post-molt period. Hens fed the C:SH:DDGS 
diets had significantly (P<0.05) higher post-molt feed intake than hens fed the 94% DDGS diets. 
The decrease in weekly hen-day egg production during the 28-d molt period is shown in 
(Figure 2.1) as are the weekly averages in Table 2.4.  Egg production for hens fed the C:SH diet 
was reduced to an average of 2% by week 2 of the molt period and decreased to 1% by week 3.  
Hens fed the 94% DDGS and C:SH:DDGS diets did not experience a decrease in egg production 
equal to that of the C:SH diet;  however, hens fed the C:SH:DDGS diets generally had lower 
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hen-day egg production than those fed the 94% DDGS diets.  For the entire 28-d molt period, 
hens fed the 94% DDGS 1 diets produced significantly (P< 0.05) more eggs than the hens on the 
other six treatments.  Post-molt (wk 5- 41) hen-day egg production was numerically higher for 
hens fed the C:SH diet, but did not differ significantly (P> 0.05) among treatments (Figure 2.2 
and Table 2.4 ).   
  Post-molt (wk 9-40) egg weight and egg mass are depicted in Table 2.5.  Egg 
weight did not differ significantly among treatments; however it was reduced for hens fed the 
94% DDGS diets.  Egg mass was significantly lower for hens fed the 94% DDGS treatments 
than for the C:SH diet.  The C:SH:DDGS diets generally had a higher egg mass than the 94% 
DDGS diets.   
 The results for egg specific gravity are shown in Table 2.6.  Specific gravity during 
weeks 9 thru 12 was significantly (P<0.05) higher for the C:SH diet than the 94% DDGS diets.  
At the end of the post-molt period, during weeks 16-40, egg specific gravity was again higher for 
the C:SH diet than the 94% DDGS 1 and 2 diets. The specific gravity for the 94% DDGS 1 diet 
was also lower than all of the C:SH:DDGS diets.  
DISCUSSION 
 Induced molting has been used by the egg industry as a management tool to rejuvenate 
hens for a second or third cycle of egg production.  However, over the past 10 to 15 years, the 
animal rights and animal welfare groups have become increasingly critical of the total feed 
withdrawal practice for inducing a molt.  Their primary concern is that the feed withdrawal 
period was harmful to hens (Webster, 2003).  Because of these concerns, alternative methods 
that do not involve feed removal have been developed.  The use of readily available and 
economical feed ingredients has high applicability in the commercial laying hen industry.  Non-
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feed-withdrawal procedures that have been effective for molting hens include feeding low 
protein, low energy diets (Anderson and Havenstein, 2007), high corn and wheat middlings diets 
(Biggs et al., 2003), high cottonseed diets (Davis et al., 2002), combinations of corn and wheat 
middlings (Biggs et al., 2004), high-Zn diets (Bar et al., 2003) and feeding different ratios of 
alfalfa meal and layer diet (Donalson et al., 2005).  Previous research in our laboratory has 
yielded inconsistent results when using DDGS in molt diets.  For example, high DDGS diets did 
not cause hens to totally cease egg production or lose sufficient BW  in two studies conducted at 
our facility (Biggs et at., 2004, Mejia et al., 2011) but did cause total cessation of production and 
excessive BW  loss in another study (Mejia et al., 2010).     
We suspected that the great differences in responses to using DDGS in molt diets may be 
largely due to the source and quality of the DDGS being used.  Therefore, the primary objective 
of this study was to evaluate if ad libitum feeding different sources and dietary inclusion levels 
of DDGS would yield variable post-molt performance in a non-feed-withdrawal molt program.  
The ingredient, DDGS, is a readily available and economical feed ingredient in many areas of 
the U. S.  All dietary treatments were effective in decreasing egg production during the molt 
period in the current study.  However, none of the diets containing DDGS resulted in reductions 
in egg production equal to the C:SH control diet.  None of the DDGS diets yielded egg 
production below 6% at the end of the 28-d molt period.  A similar response was observed by 
Biggs et al. (2004) with a high (94-96%) DDGS molt diet.  Body weight was decreased for hens 
on all treatments except the 94% DDGS 1 diet.  However, hens fed the other 94% DDGS diets 
did not experience body weight loss greater than 6% and those fed the C:SH:DDGS diets did not 
lose more than 14% BW during the molt period.  These molt period BW losses are generally not 
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considered to be acceptable since BW losses of 27 to 31% have been reported to produce optimal 
post-molt performance (Baker et. al 1983).  
The differences in egg production response during the molt period probably resulted 
mainly from differences in amino acid (AA) digestibility, and/or MEn content among the DDGS 
samples.  The DDGS used in the 94% DDGS 3 and C:SH:DDGS 3 diets was very dark brown in 
color and had lower levels of digestible lysine than the other DDGS samples as determined in a 
precision-fed cecectomized rooster assay (data not shown).  The level of digestible lysine in the 
DDGS 1, 2, and 3 were determined to be 0.53%, 0.55%, and 0.32%, respectively.  The dark color 
and reduction of AA digestibility in DDGS 3 was most likely due to excessive heating in the 
drying process.  Lysine is the most deficient AA in DDGS and therefore is expected to have a 
large effect on egg production performance of hens fed high levels of DDGS.  Mejia et al. (2010) 
also observed that dark colored DDGS diets caused total cessation of egg production and 
excessive body weight loss in a molt program.  Although the C:SH:DDGS diets were formulated 
to have the same MEn as the C:SH diet, hens fed the former diets did not lose as much body 
weight as hens fed the C:SH diet.  This suggests that the MEn of the C:SH:DDGS diets may have 
been underestimated.   
Although post-molt (wk 5-41) hen-day egg production did not differ significantly 
(P>0.05) among treatments, hens that experienced a greater drop in egg production during the 
molt period had greater post-molt egg production.  This may be related to the length of 
rest/oviduct regression obtained during the molt period.  Brake and Thaxton (1979) reported that 
the decrease in absolute and relative weight of the oviduct during a molt correlated to decreased 
ovarian function and that hens that have a greater reduction in egg production and oviduct weight 
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during a molt will generally have greater rejuvenation of the ovary and oviduct and better post-
molt egg production and egg shell quality.  
The generally lower post-molt (wk 9-40) egg specific gravity for hens fed the 94% 
DDGS 1 and 2 diets, particularly DDGS 1, was probably due to several factors.  First, hens fed 
these molt diets either did not lose any body weight or only a small amount indicating 
insufficient regression of the ovary and oviduct.  Consequently, egg production was higher for 
hens fed these diets during the molt period than hens on the other treatments.  The inadequate 
regression and rejuvenation of the reproductive organs yielded lower post-molt egg shell quality 
as measured by specific gravity.  As discussed earlier, the responses in molt BW loss and egg 
production were probably due to higher protein quality and MEn of these diets than the other 
diets.   
In summary, this study showed that molt responses may vary among DDGS sources.  
None of the molt diets containing 20-94% DDGS resulted in reductions in BW or egg production 
equal to a 47% corn:47% SH diet.  Thus, further work seems warranted to evaluate DDGS in 
molt diets that contain lower levels of energy and/or protein and amino acids. 
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TABLES AND FIGURES 
Table 2.1.  Composition of the experimental molt diets containing corn and soy hulls (C:SH), 
94% Distillers Dried Grains with Solubles (DDGS), C:SH:DDGS and the post-molt layer diet  
 
1 Provided per kilogram of diet: manganese, 75 mg from manganese oxide; iron, 75 mg  
from iron sulfate; zinc, 75 mg from zinc oxide; copper, 5 mg from copper sulfate; iodine, 0.76 mg from ethylene 
diamine dihydroiodide; selenium, 0.1 mg from sodium selenite. 
2 Provided per kilogram of diet: vitamin A from vitamin A acetate, 4,400IU; cholecalciferol, 1,000 IU; vitamin E 
from α-tocopheryl acetate, 11 IU; vitamin B12 0.011 mg; riboflavin, 4.4 mg; d-panthothenic acid, 10 mg; niacin, 22 
mg; menadione sodium bisulfate complex, 2.33 mg. 
3 Based on NRC (1994) feed composition tables for all ingredients except soy hulls (not in NRC tables). Values used 
for soy hulls were 1000kcal/kg MEn 11% crude protein, 0.45% calcium and 0.075% nonphytate phosphorus. 
 
 
 
 
 
                     
C:SH 94% DDGS C:SH:DDGS Postmolt 
layer 
                                            ----------------------(%)-------------------- 
 
Corn  47.15         0.00    32.00         68.70 
Soy Hulls  47.10         0.00    42.00            0.00 
DDGS     0.00       94.50 20.00            0.00 
Soybean meal    0.00         0.00      0.00 18.40 
Meat and bone meal    0.00         0.00      0.00 2.50 
Limestone    4.10         4.85  4.27 8.50 
Dicalcium phosphate 1.00         0.00  0.65 1.00 
Salt 0.30         0.30  0.30 0.30 
Mineral Mix1 0.15         0.15  0.15 0.15 
Vitamin Mix2 0.20         0.20  0.20 0.20 
 
Calculated Analysis3:     
Crude Protein 9.20        25.90     12.90 16.00 
TMEn (kcal/kg) 2,108        2,689  2,099 2,903  
Calcium 2.00          2.00 2.00 3.80 
Nonphytate phosphorus 0.25          0.37 0.25 0.45 
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Table 2.2.  Body weight loss during the molt period1,2 (%) 
 
 Weight Loss 
Dietary treatment3 Day 28 
 -----------------------------(%)-------------------------- 
C:SH                                    25.8a 
94% DDGS 1                                     -2.9d 
94% DDGS 2 4.2c 
94% DDGS 3 5.6c 
C:SH:DDGS 1 11.4b 
C:SH:DDGS 2 11.2b 
C:SH:DDGS 3 13.9b 
Pooled SEM    1.07 
a-d Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 Mean body weight for the hens was 1470 g at the onset of the trial.  
3 C:SH= 47% corn: 47% soy hulls; 94% DGGS 1, 2 and 3 = 94% DDGS from three DDGS 
sources; C:SH:DDGS 1, 2, and 3 = 32% corn: 42% soy hulls: 20% DDGS from three DDGS 
sources.
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Table 2.3. Effect of non-feed-withdrawal molting treatments on feed intake during the 4-wk molt 
period1 
a-e Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 C:SH= 47% corn: 47% soy hulls; 94% DGGS 1, 2 and 3 = 94% DDGS from three DDGS 
sources; C:SH:DDGS 1, 2, and 3 = 32% corn: 42% soy hulls: 20% DDGS from three DDGS 
sources.
 Week 
Treatment2 1 2 3 4 1 to 4 
      ------------------------------------(g/hen per d)----------------------------- 
C:SH 49c 75de 68de 49e 60e 
94% DDGS 1  71a 92a 96a 93a 88a 
94% DDGS 2 53bc 71e 72d 65c 65d 
94% DDGS 3 55b 79cd 65e 57d 64de 
C:SH:DDGS 1 56b 87b 88b 79b 78b 
C:SH:DDGS 2 53b 83cb 79c 74b 72c 
C:SH:DDGS 3 55b 83cb 81c 73b 73bc 
Pooled SEM 1.7 1.6 2.1 2.3 1.6 
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Table 2.4 Effect of non-feed withdrawal molting treatments on hen-day egg production during 
the 4-wk molt period and 39 wk post-molt period1 
 
 Molt Period 
(weeks) 
      Postmolt Period  
        (weeks) 
Treatment2 1 2 3 4 1 to 4          5 to 41 
 -------------------------------------(%)-------------------------------------- 
C:SH 40d 2d 1d 1e 11e 73a 
94% DDGS 1  58a 35a 41a 47a 45a 70a 
94% DDGS 2 54ab 20b 23b 21b 29b 70a 
94% DDGS 3 52ab 9c 10c 6de 19cd 70a 
C:SH:DDGS 1 49bc 10c 14c 16bc 22c 72a 
C:SH:DDGS 2 50bc 8cd 10c 11cd 20cd 71a 
C:SH:DDGS 3 45cd 5cd 11c 8d 17d 71a 
Pooled SEM 2.0 2.0 2.2 2.3 1.6 1.2 
a-e Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 C:SH= 47% corn: 47% soy hulls diet; 94% DGGS 1, 2 and 3 = 94% DDGS from three DDGS 
sources; C:SH:DDGS 1, 2, and 3 = 32% corn: 42% soy hulls: 20% DDGS from three DDGS 
sources. 
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Table 2.5.  Effect of non-feed-withdrawal molting treatments on egg weight and egg mass during 
weeks 9-40 of the post-molt period1,2 
 
Treatment3  
Hen-day egg 
production (%) 
Egg Weight 
(g/egg) 
Egg Mass4 
(g egg/hen/d) 
C:SH 79a 65a 50a 
94% DDGS 1 72c 65a 46c 
94% DDGS 2 75bc 64a 47bc 
94% DDGS 3 76abc 64a 47bc 
C:SH:DDGS 1 76ab 64a 49ab 
C:SH:DDGS 2 75abc 65a 49ab 
C:SH:DDGS 3 76ab 64a 48abc 
Pooled SEM 1.33 0.48 0.84 
a-c Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 Egg weights were taken weekly during weeks 9-12, then every 4 weeks during weeks 16-40. 
3 C:SH= 47% corn: 47% soy hulls diet; 94% DGGS 1, 2 and 3 = 94% DDGS from three DDGS 
sources; C:SH:DDGS 1, 2, and 3 = 32% corn: 42% soy hulls: 20% DDGS from three DDGS 
sources. 
4A single degree of freedom contrast for the three 94% DDGS diets versus the three 
C:SH:DDGS diets was significant (P<0.01).
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Table 2.6.  Effect of non-feed-withdrawal molting treatments on egg specific gravity during the 
post-molt period1,2 
     Week   
Treatment3        9 to 12    16 to 40  
                      (g/cm3)   
C:SH 1.081a  1.078a  
94% DDGS 1 1.077c  1.075c  
94% DDGS 2 1.079b  1.076bc  
94% DDGS 3 1.079b  1.078a  
C:SH:DDGS 1 1.080ab  1.077ab  
C:SH:DDGS 2 1.080ab  1.077ab  
C:SH:DDGS 3 1.080ab  1.077ab  
Pooled SEM 0.0005  0.0005  
a-c Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 Egg specific gravity was measured weekly during weeks 9-12, then every 4 weeks during 
weeks 16-40. 
3 C:SH= 47% corn: 47% soy hulls diet; 94% DGGS 1, 2 and 3 = 94% DDGS from three DDGS 
sources; C:SH:DDGS 1, 2, and 3 = 32% corn: 42% soy hulls: 20% DDGS from three DDGS 
sources. 
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Figure 2.1. Weekly hen-day egg production during the molt period (wks 1-4)  
 C:SH= 47% corn: 47% soy hulls diet (♦); 94% DGGS 1 (♦), 94% DDGS 2 (▲), 94% DDGS 
3(▲), C:SH:DDGS 1 (■), C:SH:DDGS 2 (●), and C:SH:DDGS 3(●) = 32% corn: 42% soy 
hulls: 20% DDGS from three DDGS sources  
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Figure 2.2.  Weekly hen-day egg production throughout the experiment (wks 1-40) 
C:SH= 47% corn: 47% soy hulls diet (▬); 94% DGGS 1 (▬), 94% DDGS 2 (▬), 94% DDGS 
3(▬), C:SH:DDGS 1 (▬), C:SH:DDGS 2 (▬), and C:SH:DDGS 3(▬) = 32% corn: 42% soy 
hulls: 20% DDGS from three DDGS sources  
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Chapter 3 
 
Evaluation of feeding different levels of distillers dried grains with solubles (DDGS) and 
soybean hulls in non-feed-withdrawal molt programs for laying hens 
 
ABSTRACT 
 
An experiment was conducted using 504 Hy-Line W-36 hens (68 wk of age) to evaluate 
if laying hens can be successfully molted by ad libitum feeding of diets containing different 
levels of DDGS combined with corn and soybean hulls.  The molt diet treatments consisted of a 
47% corn (C):47% soy hulls (SH) diet, a 30% C: 44% SH: 20% DDGS diet, a 25% C: 49% SH: 
20% DDGS diet, a 20% C: 54% SH: 20% DDGS diet, a 10% C: 37% SH: 47% DDGS diet, and 
a 47% SH: 47% DDGS diet.  All molt diets were fed for 28d.  At the end of this molt period, all 
hens were fed a 16% CP corn- soybean meal layer diet.  
 Body weight (BW) loss (17%) during the molt period was greatest (P<0.05) for hens fed 
the 47% C: 47% SH diet.  Feed consumption during the molt period was lower (P<0.05) for hens 
fed the 47% C: 47% SH control diet than for hens fed the diets containing DDGS.  Hens fed the 
47% C: 47% SH diet had the lowest (P<0.05) egg production (below 5%) during the last three 
weeks of the molt period.  Hens on the other treatments did not have mean egg production below 
23% for the molt period.  During the first 8 wk of the post-molt period, egg production of hens 
that were fed the 47% C: 47% SH diet during the molt period was generally lower than that of 
hens fed the other molt diets.  Egg specific gravity, egg mass, and egg weight measured for 
Weeks 4 to 8 of the post-molt period did not differ significantly (P>0.05) among treatments.  
This study showed that the molt diets containing 20 to 47% DDGS yielded inferior body weight, 
egg production, and feed consumption molt responses when compared to a 47% C: 47% SH diet 
even though most of the diets containing DDGS were calculated to contain MEn levels that were 
lower than the 47% C: 47% SH diet. 
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INTRODUCTION 
 
Induced molting can be an effective management tool in which the productive life of a 
flock is extended and egg production over the hen’s life span is maximized (Brake and Carey, 
1983).  The main objective of a molting program is to cause hens to totally cease egg production 
and enter a non-reproductive state (Webster, 2003).  Implementing an induced molting program 
can result in a 30% higher profit margin for producers when compared with an all-pullet 
operation (Bell, 2003).  Recently, induced molting of laying hens has been under increased 
scrutiny by animal rights groups.  They have voiced that this practice negatively affects the 
welfare of the hen (Koelkebeck and Anderson, 2007). Therefore, current research has been 
aimed at developing non-feed-withdrawal molting programs that can be used effectively in the 
commercial laying hen industry.   
Effective non-feed-withdrawal molting methods include feeding low protein, low energy 
diets (Anderson, 2002), high wheat middlings (Biggs et al., 2003), a combination of wheat 
middlings and corn (Biggs et al., 2004), high cottonseed meal (Davis et al., 2002) or a 
combination of corn and soybean hulls (Biggs et al., 2004) among others. In recent years, 
increased quantities of corn distillers dried grains with solubles (DDGS) has entered the 
ingredient market due to the increase in ethanol production.  The ingredient, DDGS, has become 
a relatively economical feed ingredient in many areas and may be effective to use in non-feed-
withdrawal molt diets.  However, previous research in our laboratory has yielded inconsistent 
results.  Biggs et al. (2004) showed that high DDGS diets (94-96%) fed ad libitum did not cause 
hens to totally cease egg production.  Similar responses were seen in a study conducted by Mejia 
et al. (2011) where varying levels of DDGS with corn, wheat middlings and soybean hulls were 
limit fed.  In contrast, Mejia et al. (2010) reported that limit feeding high DDGS diets did result 
in total cessation or zero egg production in a non-feed-withdrawal molt program in an earlier 
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study.  Results from Chapter 2 of this thesis indicated that molt responses may vary among 
DDGS sources and that molt diets containing 20-94% DDGS did not result in reductions in BW 
or egg production equal to a 47% corn:47% SH diet.  Therefore, the objective of the current 
study was to evaluate if laying hens can be successfully molted by ad-libitum feeding different 
levels of DDGS combined with corn and soybean hulls in diets containing lower levels of  MEn 
than in our earlier studies.    
MATERIALS AND METHODS 
All animal care procedures were approved by the university institutional animal care and 
use committee (IACUC).  An experiment was conducted using 504 Hy-Line W-36 hens (68 wk 
of age).  The hens were housed in a caged layer house of commercial design with water and feed 
provided for ad libitum consumption and exposed to a 17-h daily photoperiod prior to the start of 
the experiment. Six replicate groups of 14 hens each (2 adjacent cages containing 7 hens per 
cage, 60.9 x 58.4 cm) were allotted to six dietary treatments in a completely randomized design 
so that mean body weight was similar for each treatment.  The molt diet treatments consisted of a 
47% corn (C):47% soy hulls (SH) control diet, a 30% C: 44% SH: 20% DDGS diet, a 25% C: 
49% SH: 20% DDGS diet, a 20% C: 54% SH: 20% DDGS diet, a 10% C: 37% SH: 47% DDGS 
diet, and a 47% SH: 47% DDGS diet.  All molt diets were fed for 28d.  At the end of this molt 
period, all hens were fed a 16% CP corn-soybean meal layer diet.  The composition of the molt 
diets is shown in Table 3.1.  The 20% DDGS level was used in several of the diets because it is a 
typical upper level used in many commercial molt diets.  The second, third and fourth diets were 
to evaluate diets containing decreasing MEn.  The 10% C: 37% SH: 47% DDGS diet was 
included to evaluate a diet containing a higher level of DDGS that was similar in MEn to the 30% 
C: 44% SH: 20% DDGS diet.  The last dietary treatment (47% SH: 47% DDGS) evaluated a 
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high DDGS diet that was lower in energy than all of the other diets and that would likely be less 
expensive than the other diets.   
At the onset of the trial (d1), hens were fed their respective diet for the 28 day molt 
period. On day 29, all hens were switched to a 16% CP corn-soybean meal layer diet (Table 3.1).  
The layer diet was fed throughout the 36 wk post-molt period.  The chronology of this trial 
consisted of a 4 wk molt period (68-71 wk of age) followed by a 36 wk post-molt period (72- 
107 wk of age).   
Two days prior to feeding the molt diets, the photoperiod was reduced from 17 to 10 h/d.  
On d 21 of the molt period, the daily photoperiod was increased to 12 h and then to 13 h on d 28.  
Then the photoperiod was increased 30 minutes per week until a 17-h photoperiod was 
established.  
Egg Production and Performance 
 Egg production performance was measured at different times during the 40 weeks after 
the onset of feeding the molt diets.  Mortality was recorded daily during the 40 week trial period.  
Egg production was recorded during the first 12 weeks and last 4 weeks of the experiment.  Egg 
specific gravity was measured using the flotation method with NaCl solutions varying in specific 
gravity from 1.056 to 1.100 g/cm3.  Specific gravity measurements were conducted weekly for 
all eggs produced in a 48 hour period during weeks 9 to 12, and weeks 37-40.   Egg weight 
measured on all eggs produced in a 48 hour period every week during weeks 9 to 12, and weeks 
37-40, and egg mass (g of egg produced per hen per day) was calculated by multiplying hen-day 
egg production times mean egg weight.   Feed consumption was measured weekly from wk 1 to 
12.  Body weights of all hens were measured 1 d before the start of the experiment and at the end 
of the molt period (d 28). 
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Statistical Analysis 
 The experimental design was a completely randomized design.  Data were analyzed by 
ANOVA using the GLM procedure of SAS (SAS, 2010) with dietary treatment as the 
independent variable (Steel and Torrie, 1980).  Differences among treatment means were 
detected using Fisher’s Protected Least Significant Difference test (P < 0.05). 
RESULTS 
Hens fed the C:SH control diet lost 17.4% of their initial body weight (BW) at the end of 
the 28-d molt period (Table 3.2).  Hens fed the other diets lost significantly less weight (P< 0.05) 
than hens fed the C:SH diet and all of those body weight losses were less than 10%.  There were 
no differences (P> 0.05) in mortality among treatments during the molt period or post-molt 
period.   
The decrease in weekly hen-day egg production during the 28-d molt period is shown in 
Figure 3.1 as are the weekly averages in Table 3.3.  Egg production for hens fed the C:SH diet 
was reduced to an average of 5% by week 2 of the molt period and decreased to 4% by week 3.  
Hens fed the SH:DDGS and C:SH:DDGS diets did not experience a decrease in egg production 
equal to that of the C:SH diet (P< 0.05);  however, hens fed the 20% C: 54% SH: 20% DDGS 
diet had the greatest drop in egg production compared to the other diets containing DDGS.    
Post-molt (wk 5- 12) hen-day egg production for hens fed the C:SH diet was significantly lower 
(P< 0.05) than for hens on 5 of the 6 diets containing DDGS.    
Hens fed the C:SH diet had the lowest feed intake during the 28-d molt period (Table 
3.4).  Feed intake for hens fed the 30% C: 44% SH: 20% DDGS diet was also significantly lower 
(P< 0.05) than that for hens fed most of the other diets containing DDGS.  Energy intake was 
significantly higher (P< 0.05) for three of the DDGS diets than for the C:SH diet (Table 3.4).  As 
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expected, post-molt (wk 5-12) feed intake increased for all treatments when they were switched 
to the corn-soybean meal diet on week 5 (data not shown) and did not differ significantly among 
treatments.   
Post-molt (wk 9-12) egg weight and egg mass are depicted in Table 3.5.  Egg weight and 
egg mass did not differ significantly among treatments.  Egg specific gravity results are shown in 
Table 3.6.  No significant differences in specific gravity were detected among treatments during 
the early post-molt period (wk 9-12).   
DISCUSSION 
Commercial induced molting, an important management tool, has been widely used by 
the majority of U.S. egg producers to rejuvenate laying hens for a second cycle of egg production 
(Wu et al., 2007).  However, concern has been raised about the use of feed withdrawal to induce 
a molt in laying hens.  Many animal rights groups have criticized the use of long periods of feed 
withdrawal (Bell and Kuney, 2004).  These groups argued that the feed withdrawal period is 
harmful to hens (Webster, 2003).  For this reason, alternative methods that do not require a 
period of feed withdrawal have been developed.  When carried out properly, induced molting can 
be effective for producing second cycle economical production, increased productivity and 
improved egg shell quality.  Previous non-feed-withdrawal methods that have been studied are 
feeding low protein; low energy diets (Anderson and Havenstein, 2007), high levels of zinc (Park 
et al., 2004), high wheat middlings (Biggs et al., 2003), or a combination of corn and wheat 
middlings (Biggs et al., 2004), which have all been effective methods for molting laying hens.  
Previous research in our laboratory has yielded inconsistent results when using DDGS in molt 
diets.  For example, high DDGS diets did not cause hens to totally cease egg production or lose 
sufficient BW  in two studies conducted at our facility (Biggs et at., 2004, Mejia et al.,2011) but 
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did cause total cessation of production and excessive BW  loss in another study (Mejia et al., 
2010).   The results in Chapter 2 of this thesis showed that molt responses may vary among 
DDGS sources.  None of the molt diets containing 20-94% DDGS resulted in satisfactory 
reductions in BW or egg production.    
We suspected that the failure of the DDGS diets to satisfactorily decrease BW and egg 
production in a non-feed-withdrawal molt program may be due to high levels of energy, protein 
and/or amino acids (AA) present in the DDGS, particularly energy.  Therefore, the primary 
objective of this study was to evaluate if laying hens can be successfully molted by ad libitum 
feeding different levels of DDGS combined with corn and soybean hulls in lower energy diets.  
The ingredient, DDGS, is a readily available and inexpensive feed ingredient in many areas of 
the U. S.  In the current study, egg production was decreased for all dietary treatments during the 
molt period.  However, none of the diets containing DDGS resulted in reductions in egg 
production equal to the C:SH control diet and none of the diets containing DDGS decreased egg 
production below an average of 13% for weeks 2- 4 of the molt period.  A similar response was 
reported in Chapter 2 when using corn and soy hulls combined with DDGS in molt diets.  Body 
weight was decreased for hens on all treatments during the molt period in the current study.  
However, the hens fed diets containing DDGS did not experience weight loss greater than 10% 
and some DDGS diets yielded body weight losses of only 4%.  These molt period BW losses are 
not considered to be acceptable since BW losses of at least 20% are generally recommended for 
a successful molt program.   
The above discussion indicates that none of the diets containing DDGS in the current 
study yielded satisfactory results for a successful molt program.  One possible reason for these 
results is that the DDGS used in this study was probably high quality since it was light colored, 
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which is typical of high quality DDGS.  The results in Chapter 2 indicated that molt performance 
may be affected by DDGS quality, with the poor quality DDGS yielding better molt responses 
(greater reductions in body weight, feed intake and egg production) than higher quality DDGS.  
Even when using high quality DDGS in the molt diets, however, the poor results obtained with 
the diets containing DDGS in the current study was surprising because most of these diets were 
formulated to contain TMEn levels below that of the 47% C: 47% SH diet which has been used 
successfully in previous molt programs.  Low dietary energy level has been shown to be a 
critical factor and several studies have shown that diets containing high levels of low energy 
ingredients such as wheat middlings and soybean hulls work well in molt programs (Biggs, 
2003).  Another possible reason for the failure of the DDGS diets to adequately decrease BW 
and egg production is that the energy intakes of hens fed the DDGS diets were higher than 
expected.  Even though most of the diets were formulated to contain less TMEn than the C:SH 
diet, energy intake was the same or higher than for the C:SH diet and the latter may have 
contributed to the lack of body weight loss during the molt period.  The results of the current 
study indicate that dietary components other than energy, such as protein and amino acid levels, 
may also be important for molt diets.  Indeed, the protein and amino acid levels of the diets 
containing DDGS were higher than those in the C:SH control  diet.   
There were some differences in post-molt egg production (wk 5-12) among treatments, 
with hens that consumed molt diets containing DDGS generally having higher egg production 
than hens fed the C:SH molt diet.  These differences were probably related to the length of rest 
or ovarian/oviduct regression obtained during the molt period.  Brake and Thaxton (1979) 
reported that the absolute and relative weight of the oviduct during a molt decreased 
significantly, which is related to a decrease in ovarian function.  Hens fed the C:SH diet had the 
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lowest feed intake and greatest weight loss during the molt period.  Thus, hens on this treatment 
probably had the greatest ovary/oviduct regression. Egg weight, egg mass and early specific 
gravity during the post-molt period (wk 9-12) did not differ significantly among treatments.  This 
lack of differences probably resulted because these measurements were made during the very 
early part of the post-molt period.  The effects of molt diets on post-molt performance, especially 
egg specific gravity, are more likely to occur during the late part of the egg production period.     
 In summary, this study showed that the molt diets containing 20 to 47% DDGS yielded 
inferior body weight, egg production, and feed consumption molt responses when compared to a 
47% C: 47% SH diet even though most of the diets containing DDGS were calculated to contain 
MEn levels that were lower than the 47% C: 47% SH diet.  These results suggest that dietary 
components other than energy, such as protein and digestible amino acid levels, are important 
when feeding molt diets containing DDGS.   
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TABLES AND FIGURES 
Table 3.1. Composition of the experimental molt diets containing corn (C), soy hulls (SH), and 
corn distillers dried grains with solubles (DDGS) and the post-molt layer diet. 
Ingredient 
and analysis C:SH 
C:SH: 
DDGS 
1 
C:SH: 
DDGS 
2 
C:SH: 
DDGS 
3 
C:SH: 
DDGS 
4 
SH:DDGS     Layer 
Corn 47.15 30.00 25.00 20.00 10.00 0.00 68.70 
Soy Hulls 47.10 44.20 49.20 54.20 37.20 47.10 0.00 
DDGS 0.00 20.23 20.23 20.23 47.23 47.00 0.00 
SBM1 0.00 0.00 0.00 0.00 0.00 0.00 18.40 
MBM2 0.00 0.00 0.00 0.00 0.00 0.00 2.50 
Limestone 4.27 4.27 4.27 4.27 4.27 4.27 8.50 
Dical P3 0.66 0.66 0.66 0.66 0.66 1.00 1.00 
NaCl 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Mineral Mix4 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
Vitamin Mix5 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Calculated 
analysis6: 
       
Crude Protein 9.20 12.95 13.08 13.20 17.88 18.06 16.00 
TMEn, 
kcal/kg 2,108 2,059 1,935 1,812 2,063 1,808 2,903 
Calcium 2.00 2.00 2.00 2.00 2.00 2.00 3.80 
Nonphytate 
Phosphorus 
0.25 0.25 0.25 0.25 0.25 0.25 0.45 
1 Soybean meal  
2 Meat and bone meal 
3 Dicalcium phosphate. 
4 Provided per kilogram of diet: manganese, 75 mg from manganese oxide; iron, 75 mg from iron sulfate; zinc, 75 mg from zinc oxide; copper, 5 
mg from copper sulfate; iodine, 0.76 mg from ethylene diamine dihydroiodide; selenium, 0.1 mg from sodium selenite. 
5 Provided per kilogram of diet: vitamin A from vitamin A acetate, 4,400IU; cholecalciferol, 1,000 IU; vitamin E from α-tocopheryl acetate, 11 
IU; vitamin B12 0.011 mg; riboflavin, 4.4 mg; d-panthothenic acid, 10 mg; niacin, 22 mg; menadione sodium bisulfate complex, 2.33 mg. 
6 Based on NRC (1994) feed composition tables except for soybean hulls.  The analyzed crude protein of the soy hulls was 11% and an ME value 
of 1000 kcal/kg was used for the soy hulls based on Sibbald (1986) and a TMEn value determined in our laboratory.   
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Table 3.2.  Body weight loss during the molt period1,2 (%) 
 Weight Loss 
Dietary treatment3 Day 28 
 -------------------(%)---------------- 
C:SH                     17.4a 
C:SH:DDGS 1 9.8b 
C:SH:DDGS 2  7.3bc 
C:SH:DDGS 3 7.9b 
C:SH:DDGS 4 4.1c 
SH:DDGS  3.9c 
Pooled SEM 1.2 
a-c Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 Mean body weight for the hens was 1470g at the onset of the trial.  
3 C:SH= 47% corn: 47% soy hulls; C:SH:DDGS 1= 30% corn: 44% soy hulls: 20% DDGS; 
C:SH:DDGS 2= 25% corn: 49% soy hulls: 20% DDGS; C:SH:DDGS 3= 20% corn, 54% soy 
hulls: 20% DDGS; C:SH:DDGS 4= 10% corn: 37% soy hulls: 47% DDGS; SH:DDGS= 47% 
soy hulls: 47% DDGS. 
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Table 3.3 Effect of non-feed-withdrawal molting treatments on hen-day egg production during 
the 4-wk molt period and 8 wk post-molt period1 
 Molt Period (weeks) Postmolt Period 
(weeks) 
Treatment2 1 2 3 4 1 to 4 5 to 12 
 ----------------------------------------------(%)--------------------------------------- 
C:SH 51a 5d 7d 4d 17d 57c 
C:SH:DDGS 1 56a 16ab 20bc 19bc 28bc 61bc 
C:SH:DDGS 2 57a 16ab 24ab 25ab 31ab 66a 
C:SH:DDGS 3 53a 10cd 15c 15c 23c 63ab 
C:SH:DDGS 4 57a 21a 29a 30a 34a 67a 
SH:DDGS 56a 13bc 20bc 25ab 28b 65ab 
Pooled SEM 2.2 1.8 2.6 2.8 1.7 1.8 
a-c Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 C:SH= 47% corn: 47% soy hulls; C:SH:DDGS 1= 30% corn: 44% soy hulls: 20% DDGS; 
C:SH:DDGS 2= 25% corn: 49% soy hulls: 20% DDGS; C:SH:DDGS 3= 20% corn, 54% soy 
hulls: 20% DDGS; C:SH:DDGS 4= 10% corn: 37% soy hulls: 47% DDGS; SH:DDGS= 47% 
soy hulls: 47% DDGS. 
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Table 3.4. Effect of non-feed-withdrawal molting treatments on feed intake during the 4-wk molt 
period1 
a-c Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 C:SH= 47% corn: 47% soy hulls; C:SH:DDGS 1= 30% corn: 44% soy hulls: 20% DDGS; 
C:SH:DDGS 2= 25% corn: 49% soy hulls: 20% DDGS; C:SH:DDGS 3= 20% corn, 54% soy 
hulls: 20% DDGS; C:SH:DDGS 4= 10% corn: 37% soy hulls: 47% DDGS; SH:DDGS= 47% 
soy hulls: 47% DDGS. 
 
 
 
 
 Feed Intake  Energy Intake    
Treatment2 Wk 1 Wk 2 Wk 3 Wk 4 Wk 1 to 4            Wk 1 to 4    
                         ----------------------(g/hen/d)-----------------             --(kcal/hen/d)--    
C:SH 53b 80c 77c 79c 72c           152c    
C:SH:DDGS 1 57ab 84bc 83bc 94b 79b           163b    
C:SH:DDGS2 55ab 88ab 90a 108a 85a           165b    
C:SH:DDGS 3 53b 86b 88ab 108a 84ab           152c    
C:SH:DDGS 4 60a 92a 91a 104a 87a           179a    
SH:DDGS 53b 88ab 93a 108a 86a            154bc    
Pooled SEM 2.4 1.8 2.6 2.2 1.8         3.7    
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Table 3.5.  Effect of non-feed-withdrawal molting treatments on egg weight and egg mass during 
weeks 9- 12 of the post-molt period1,2 
 
Treatment3  
Hen-day egg 
production (%) 
 
Egg Weight 
(g/egg) 
Egg Mass 
(g egg/hen/d) 
C:SH 81ab 62a 46a 
C:SH:DDGS 1 77b 63a 47a 
C:SH:DDGS 2 82a 63a 47a 
C:SH:DDGS 3 80ab 62a 47a 
C:SH:DDGS 4 82a 63a 47a 
SH:DDGS 81ab 62a 44a 
Pooled SEM 1.5 0.44 1.4 
a-b Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 Egg weights were measured weekly during weeks 9-12. 
3 C:SH= 47% corn: 47% soy hulls; C:SH:DDGS 1= 30% corn: 44% soy hulls: 20% DDGS; 
C:SH:DDGS 2= 25% corn: 49% soy hulls: 20% DDGS; C:SH:DDGS 3= 20% corn, 54% soy 
hulls: 20% DDGS; C:SH:DDGS 4= 10% corn: 37% soy hulls: 47% DDGS; SH:DDGS= 47% 
soy hulls: 47% DDGS. 
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Table 3.6.  Effect of non-feed-withdrawal molting treatments on egg specific gravity during 
weeks 9-12 of the post-molt period1,2 
        Week   
Treatment3  9 to 12   
            (g/cm3)   
C:SH  1.081a   
C:SH:DDGS 1  1.080a   
C:SH:DDGS 2  1.079a   
C:SH:DDGS 3  1.080a   
C:SH:DDGS 4  1.080a   
SH:DDGS  1.081a   
Pooled SEM  0.0006   
a Means within a column with no common superscript differ significantly (P<0.05). 
1 Data are means of six groups of 14 hens each.  
2 Egg specific gravity was measured weekly during weeks 9-12. 
3 C:SH= 47% corn: 47% soy hulls; C:SH:DDGS 1= 30% corn: 44% soy hulls: 20% DDGS; 
C:SH:DDGS 2= 25% corn: 49% soy hulls: 20% DDGS; C:SH:DDGS 3= 20% corn, 54% soy 
hulls: 20% DDGS; C:SH:DDGS 4= 10% corn: 37% soy hulls: 47% DDGS; SH:DDGS= 47% 
soy hulls: 47% DDGS. 
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Figure 3.1. Weekly hen-day egg production (%) during the molt period (wks 1-4)  
 C:SH= 47% corn: 47% soy hulls diet (♦); C:SH:DGGS 1 (■), C:SH:DDGS 2 (▲), C:SH:DDGS 
3(×), C:SH:DDGS 4 (*), and SH:DDGS (●) 
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